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Abstract 
We describe building an avatar-based self-report data collection tool to be used for a specific HIV 
prevention research project that is evaluating the feasibility and acceptability of this novel approach 
to collect self-reported data among youth. We discuss the gathering of requirements, the process of 
building a prototype of the envisioned system, and the lessons learned during the development of 
the solution. Specific knowledge is shared regarding technical experience with software development 
technologies and possible avenues for changes that could be considered if such a self-report survey 
system is used again. Examples of other gaming and avatar technology systems are included to 
provide further background. 
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Introduction 
Researchers who are involved in self-report data collection continue to look for ways to collect 
better survey result data with electronic data capture systems. Survey tool strategies such as 
ACASI (audio computer-assisted self-interviewing), CASI (computer-assisted self-interviewing), 
CAPI (computer-assisted personal-interviewing), and IVRS (interactive voice response system), 
to name a few, do currently exist, but finding other novel methods continues to be something 
considered by social science and epidemiology researchers. The use of avatars and gaming systems 
is popular with adolescent youth. These electronic technology entertainment systems tend to keep 
adolescents engaged. This article describes the situational need for a customized avatar-based 
research data collection system and takes the reader through the expected and unexpected 
challenges experienced. 
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Several promising HIV preventative medications are under study and offer great potential to alter 
the course of HIV incidence trends. However, the collection of accurate adherence records by 
participants has been a persistent challenge across a diversity of studies and populations [1,2]. 
Frequently participants over-report the consistency with which they’ve adhered to a medication 
regimen making it difficult for researchers to assess the acceptability of promising preventive 
methods in real-time. Methods of survey administration such as ACASI (audio computer-assisted 
self-interviewing) data collection have resulted in minimal improvements in the accuracy of 
participant adherence reports in clinical trials, and they have greater effects when other sensitive 
behaviors are probed such as sexual practices [3]. New methods of electronic survey 
administration are critically needed, particularly approaches that are appealing to young men who 
have sex with men, as the incidence of HIV has remained highest among this group in the U.S [4]. 
To address this challenge, our research and technology team developed an innovative web-based 
data collection system that uses a participant-designed avatar to deliver the survey. Research 
indicates that gaming systems and avatar-based programs may be especially attractive to youth. 
Programs that allow participants to customize their own avatar may prompt greater engagement 
[5-7]. Self-report surveys can be lengthy, and may include detailed calendar recall type questions. 
Through the use of a self-created avatar, participants may remain engaged and complete longer, 
more detailed on-line surveys. Through our study, we aimed to test and assess if our avatar-
centered survey method might improve the accuracy of self-reported adherence to biomedical HIV 
prevention methods. The system needed to be accessible from multiple computer, tablet, and 
smartphone platforms as well as through a variety of browsers. The customized avatars would 
appear on each question screen, but would move to different locations on the screen and present 
the questions within a text bubble. 
The web-based self-report questionnaire system with avatars that we developed provides another 
potential survey tool for health researchers to utilize, particularly where there is a concern about 
the honesty or validity of responses. Although the system was created for a specific HIV prevention 
project, it could also have applications in other research efforts including electronic data collection 
with a younger population. For example, an additional application might include health behavior 
research studies with efforts to solicit accurate information about cigarette smoking, illegal drug 
use and alcohol consumption, and perhaps even dental hygiene. In this article we will share with 
you our process for the design and building of such a data collection system. We will then share 
issues we had foreseen as well as those we did not, and finally discuss potential future uses of 
avatars in electronic data collection systems. 
Methods 
In approaching the software development of the data collection tool, the more traditional software 
development life cycle (SDLC) methodology was utilized. This includes the phases of 
requirements specifications, software design, implementation and integration, testing, deployment 
and maintenance. The overarching research project included the use of a protocol document for 
HIV prevention. This planning document was instrumental in outlining the detailed requirements 
that help in the very important first step of SDLC which emphasizes planning. During the design 
phase, in the spirit of Scrum framework, several iterations of the user interface pages were created 
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and shared with the investigative and protocol team leadership. Utilizing this additional 
complement to the overall SDLC approach proved to be extremely important since expectations 
of the design were adjusted frequently before fully entering the programming phase of the effort. 
Discussion 
How the requirements were established 
The research investigators were interested in an engaging electronic data collection system that 
could be used by participants located in the United States in a self-administered manner. The 
system needed to be available both onsite at clinics and more often, remotely from outside the 
clinic with connectivity to the Internet via smartphones, tablets, laptops or desktop computers. 
Participants needed to be able to create their own avatars by selecting from a variety of personal 
qualities and attributes. When resuming a questionnaire via subsequent login, the self-created 
avatars would re-appear, connected to the user’s unique profile/login. In addition, the project 
included a follow-up questionnaire and upon login to the second questionnaire at a different time, 
the self-created avatar would again be presented. Site administrator staff needed to be able to 
technically enable surveys for participants; monitors survey completion status, and provide 
automated emails when surveys were completed. The ability to resume an already-started survey 
was necessary, but within a certain a time limit. When resuming an already- started survey, the 
customized avatars would be available and present to the participant. Security was needed for 
assigned user accounts, the Internet or browser communication traffic and finally, storage of the 
resulting data. Prototypes were built and demonstrated to both the research investigator teams as 
well as the clinic staff responsible for enabling the surveys. Comprehensive staff training and on-
going technical support were critical to the successful launch and implementation of the system. 
The majority of the previous data collection projects our technology team has been involved in 
required us to provide a system that could be used in less-developed areas of the world where 
interrupted internet and power were frequently experienced. In this case the customized data 
collection system with integrated avatars would be used domestically in the United States, and 
these challenges were not anticipated. 
Previous experience in building self-report data collection systems that provided foundation, 
and experience 
The Population Council’s Information Technology group has assisted with the creation of 
customized ACASI and CAPI/CASI (Computer Assisted Personal/Self Interviewing) solutions for 
over ten years in a variety of research projects. These solutions involved the development of a full 
customized ACASI module, in which respondents listen to prerecorded audio questions through 
headphones connected to a handheld computer and record their responses using a touchscreen [8]. 
Our development experience includes research efforts designing data collection interfaces for 
semi-literate populations and implementing them in resource-poor areas. At the time of this 
publication, our team has overseen the technical implementation of approximately 19 distinct 
research projects in 10 countries and in 21 different languages. 
This depth of experience was one of the reasons our team was called on to assist with the creation 
of a web-based self-report questionnaire system that integrated participant generated customized 
avatars. When embarking on software development of any system, our development team 
Web-based, mobile-device friendly, self-report survey system incorporating avatars and  




Online Journal of Public Health Informatics * ISSN 1947-2579 * http://ojphi.org * 6(2):e191, 2014 
 
OJPHI 
generally tries to first determine if any products are already available for purchase, rather than 
building a new system from scratch. After collecting the requirements and doing online research 
for existing solutions, we determined that a custom built solution was required, especially to 
integrate the more complex tracking and monitoring portal. 
Building the prototype 
Lots of trial and error and brainstorming took place during the building of the initial prototype of 
the avatar web-based self-report data collection system. At first the design included building 
separate applications that could run on traditional computers, tablets and smartphones with the 
variety of operating systems, such as iOS, Android, Windows, Linux and Blackberry. Our 
experience at the time indicated that users had the best user flow experience when specific 
programs were written for these different platforms. However, this was quickly dismissed since 
maintaining and building these individual programs would be time and cost prohibitive as well as 
creating the need to manage change and version control for each platform. Ultimately we decided 
to create an HTML5 compliant website utilizing Responsive Web Design (RWD) principles that 
could run on the required variety of user interface devices. The use of Cascading Style Sheets in 
combination with JavaScript allowed for employing a RWD. The idea behind RWD is that the 
website would adjust automatically to the dimensions and form factor of whatever screen was 
being used. The site was also only reachable via SSL encryption. It should be noted that while the 
avatars employed were customized, they were not in the format of ECA (Embodied Conversational 
Agent), where the avatar can see and hear the respondent through a webcam and react to body 
posture and spoken language [9]. 
The core of the application was built using the programming language PHP, with jQuery version 
9, and the Bootstrap framework. The back end database is Microsoft SQL Server 2008, which 
makes exporting of the resulting data possible into a variety of formats, including Excel, and the 
website site is running on IIS 7.5. It was felt that these were the most proven technologies and had 
the best chance of performing as expected on the broadest range of devices. The data flow design 
including database updates are demonstrated in Figure 1. We considered using HTML5 local 
storage, but that meant that there was a possibility that sensitive data would be stored on 
participants’ devices, such as their smartphones. 
Challenges that were expected 
Building websites that will be thoroughly supported on all web browsers is not something to be 
taken lightly, especially given the gamut of devices that can access the web. Smartphone browsers 
change over time, as do most other browsers, and this can create problems. In our case the surveys 
were being completed on a variety of smartphones and we did see several instances where we had 
to make small adjustments because of an upgraded browser. When creating sites that provide data 
from a back-end database it is important to make sure the screen and interface response are almost 
instantaneous, otherwise there is a risk of delays when a user attempts to move from one screen to 
the next, as is the case in responding to questionnaires. We anticipated that there may be cases 
where a particular browser on a particular machine may not work, so we were prepared to suggest 
that participants try another device if they were having a problem with the site functionality. 
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Figure 1: Data Flow diagram 
Additionally, virtual worlds that include 3D avatars such as Second Life are very sophisticated in 
the level of imagery they use. We realized this at the onset of building the website questionnaire 
system, but resource and time restrictions hindered our efforts. As technology advances and 
programming costs shift, we would aim to make improvements to the visual appearance of future 
avatars and their environments to heighten their life-like qualities and capabilities. Although we 
do not envision a system similar to Second Life in use, we would consider some of the future visual 
qualities could include the ability for greater movement and flexibility of the avatars. 
Challenges that were unexpected and what we would do differently 
When you think of avatars you may imagine Second Life – a very rich and high-end multi-user 
3D-like virtual web site that provides a surreal lifelike feel. While we knew that we would not be 
able to build on the same scale or on par with the graphical complexity of Second Life, we did not 
expect it would be as difficult as it was to create even the simple screens that permitted the user to 
create their own custom avatar. For this we may consider using a design service specialist or firm 
in the future if we are to create another custom avatar function. Because of time constraints and 
development complexity, we did not incorporate some higher-end more personal and/or specific 
qualities such as tattoos, hair type, and ear/nose rings, although we did receive requests for users 
to be able to add more of those types of details. A subset and sample avatar building screen is 
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demonstrated in Figure 2. Audio sound was played during the customizing section and the users 
had the ability to turn it off. 
 
 
Figure 2: Avatar builder screen 
We originally envisioned that our avatars would be able to move their arms and legs and walk 
around the screen. Initial attempts to enable the avatars to move were successful. The movement 
included jumping, spinning and even walking. However, when these movements were tested on a 
mobile device browser in 3G the performance or speed and fluidity of the avatar movement was 
inconsistent and displayed intermittent movement or jerkiness. In addition, the Javascript libraries 
that made use of HTML5’s Canvas element were not consistent across browsers during 
development, meaning much code duplication. Because of this it was decided to adjust the avatars 
for less movement, in order to ensure that the core focus of the questionnaire, which is to allow 
self-reporting, would be done. 
The site used for the web-based questionnaire system was built top-down, meaning first for a 
general computer web-browser and then retrofitted to work on mobile or tablet computers. After 
having gone through that approach, we think there are advantages to building bottom-up, meaning 
starting from the mobile device version and scaling up to the computer web-browser. 
The Bootstrap framework software utilized certainly has its advantages, especially since it is 
probably the most known and tested responsive framework. Before the beginning of February of 
2014 we would probably have said that we would use a framework other than Bootstrap, since the 
version of Bootstrap we used had high overhead and was not really designed mobile first. A quick 
Google search turns up many responsive frameworks to choose from. Bootstrap 3, however, is 
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getting very good press, and seems to have major advantages to Bootstrap 2. Of course we would 
still look around for the toolkit that was right for us. 
One of the biggest issues is that this survey was designed to take advantage of the new technologies 
of HTML5. We thought that most participants would be using their smartphones, or perhaps their 
tablets or Apple laptops. So far the reality has proven to be that more users than anticipated chose 
to take surveys at the clinic – which usually meant Windows desktops which do not have full 
HTML5 functionality. While the current version of Internet Explorer (IE) is great, HTML5 
compatibility is only guaranteed for IE10 and above. IE9 has some partial support. Many HTML5 
elements, such as the Canvas element do not degrade gracefully in older versions of Internet 
Explorer. Even though we promised a working survey for HTML5 compatible browsers only, it is 
still necessary, even for an audience of young “hip” persons, to have a fallback. Unfortunately, in 
some cases, especially for presentation and validation, that would mean writing and maintaining 
two versions of the survey. Admittedly we didn’t expect so many users using Internet Explorer on 
Windows desktops. 
We also found out that some types of questions simply don’t lend themselves to handheld devices, 
no matter what framework or design is used. For example, long grids of yes/no survey data and 
calendars often didn’t display correctly on some handhelds. 
We do believe that HTML5 local storage has a bright future. It’s easy to work with and provides 
the ability to store data offline and then send to the main server when on-line. Given the nature of 
this survey, it was not a fit, but perhaps in future surveys we will use it and thus reduce round trips 
to the server. Of course we must keep in mind that HTML5 local storage are like web site cookies, 
very insecure, and client side encryption (typically using JavaScript) will deter few people from 
exploiting this security weakness to obtain this potentially sensitive information. 
Vision for future use 
Will the use of avatars continue to expand within the area of electronic data collection? The authors 
consider that this may occur and there appears to be movement in some areas surrounding eHealth 
where this is being demonstrated. In one case, the EU-funded MyHealthAvatar project is trying 
out a digital representation of a user’s health status, designed as a lifetime companion (Avatar). 
Your Health Avatar will facilitate the collection of, and access to, long-term health-status 
information. This would empower patients, would be valuable for healthcare decision and 
promising for health research [10]. 
Electronic gaming systems such as the Wii, Xbox and others involve the creation of avatars that 
are presented to you as you start playing a digital game. These digital representations are popular 
and fun to create, and also add a level of customization created by the end-user to the canned 
games. The use of exergames is being studied for aiding in rehabilitation. These are electronic 
games such as the Wii Fit that allow for in some cases home rehabilitation [11]. 
Second Life continues to be popular, although at not the same level of social networking sites such 
as Twitter and Facebook. The authors wonder what it will take to make more people aware of 
Second Life. 
Some initial research has indicated that eSMART-MH (Electronic Self-Management Resource 
Training for Mental Health) has shown promise with avatar-based depression self-management 
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among young adults (18-25 years of age). Participants who received eSMART-MH had a 
significant reduction in depressive symptoms over 3 months, while individuals in the attention-
control group condition had no change in symptoms [12]. 
The uses of games are further being assessed and evaluated by researchers to see if there are ways 
to help people in a variety of health-related areas. A randomized trial involving adolescents 
receiving cancer treatments showed that participation in a video-game intervention, increased 
adherence to select treatments for the intervention group [13]. Those participating in the video-
game intervention group played Re-Mission at least 1 hour per week for a 3-month period. The 
game was designed to highlight the importance of continuing treatment during remission despite 
uncomfortable side-effects. The research team also measured a statistically significant increase in 
cancer-related knowledge by the intervention group and an increase in self-efficacy that they could 
successfully complete treatment [13]. In a separate study, a team at Iowa State tested how memory 
and brain enhancement could be facilitated through video games. They found surgeons who played 
video games were 27 percent faster and made 37 percent few mistakes during laparoscopic 
surgeries than did non-gamers [14]. 
One of the authors has adolescent children and has been guilty of telling them to stop playing 
electronic video games that include customized avatars. However, after building this novel data 
collection system and learning more about the potential gaming and avatar-centered technologies 
hold for promoting healthy behaviors, maybe it is time to say “go ahead and use these consoles!” 
Limitations 
Although the effort to design, develop and support the web-based self-report data collection system 
with avatars did further expand our experience and knowledge in this area, there are some 
limitations that could be addressed in further research and system development efforts. 
Future development of the system would include a more comprehensive administrative portal for 
allowing researchers to construct their own surveys without the need of an information technology 
programmer. Including pre-tests with survey respondents would allow for further feedback which 
may result in system design or user-interface changes. In addition, a greater variety of innovative 
question types could be created to provide alternatives for researchers and in turn the participants 
taking the web-based surveys. 
When considering electronic self-report data collection in research projects our information 
technology group has often been asked about the price feasibility for performing them. This paper 
did not address the cost savings or efficiency that can be obtained when automating the survey 
process. Future efforts or research to address the costs associated when comparing manual (paper-
based) versus web-based avatar questionnaires could help to address this scrutiny. 
Conclusion 
Researchers and information technologists continue to explore and look for innovative ways to 
collect self-report data via electronic surveys. Introducing customized avatars and gaming 
techniques is one new approach that has been discussed in this paper and has demonstrated it is 
possible to create such a web-based solution. We envision that a future generation of the tool built 
and discussed above would include much more life-like graphics with the introduction of more 
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movement; this was not attempted in this version as it created technical hurdles that would have 
made the system unreliable and unusable in the context of the participant survey flow. 
Acknowledgements 
We thank Sarah Thornton and the team at Westat for their collaboration in setting up the 
operational data collection process with the many sites involved in this research study. We are 
grateful for the graphic design work provided by Mike Vosika and the expert article editing by 
Irene Friedland both at the Population Council and to Marco Adrian Sanchez and 
mHealthCoach for their input and guidance on several programming aspects of the created 
solution. This work was supported by the Adolescent Medicine Trials Network for HIV/AIDS 
Interventions (ATN) Grant NICHD 5 U01 HD 40533 and 5 U01 HD 40474, which are funded by 
the National Institute of Child Health and Human Development, and with co-funding from the 
National Institute on Drug Abuse (NIDA) and National Institute of Mental Health (NIMH). 
References 
1. Grant RM, Lama JR, Anderson PL, et al. 2010. Preexposure Chemoprophylaxis for HIV 
Prevention in Men Who Have Sex With Men. N Engl J Med. 363(27), 2587-99. PubMed 
http://dx.doi.org/10.1056/NEJMoa1011205 
2. Van Damme L, Corneli A, Ahmed K, et al. 2012. Preexposure Prophylaxis for HIV infection 
among African women. N Engl J Med. 367(5), 411-22. PubMed 
http://dx.doi.org/10.1056/NEJMoa1202614 
3. Gorbach PM, Mensch BS, Husnik M, et al. 2013. Effect of computer-assisted interviewing on 
self-reported sexual behavior data in a microbicide clinical trial. AIDS Behav. 17(2), 790-800. 
PubMed http://dx.doi.org/10.1007/s10461-012-0302-2 
4. Ackers M-L, Greenberg AE, Lin CY, et al. 2012. High and Persistent HIV Seroincidence in 
Men Who Have Sex with Men Across 47 U.S. Cities. PLoS ONE. 7(4), e34972. PubMed 
http://dx.doi.org/10.1371/journal.pone.0034972 
5. Yee N, Bailenson J. 2007. The proteus effect: The effect of transformed self-representation 
on behavior. Hum Commun Res. 33(3), 271-90. http://dx.doi.org/10.1111/j.1468-
2958.2007.00299.x 
6. Lim S, Reeves B. (2006). Being in the game: Effects of avatar choice and point of view on 
arousal responses during play. Paper presented at the International Communication 
Association, Dresden, Germany 
7.    Noar, Seth, M., Grant Harrington, Nancy (2012). eHealth Applications Promising Strategies 
for Behavior Change 
8. Mierzwa S, Souidi S, Friedland I, et al. (2013). Approaches that will yield greater success 
when implementing self-administered electronic data capture ICT systems in the developing 
world with an illiterate or semi-literate population, Population Council 
9. Malakhoff LA, Jans M. (2011). Towards Usage of Avatar Interviewers in Web Surveys, 
Survey Practice, Vol 4, No 3 
http://surveypractice.org/index.php/SurveyPractice/article/view/104/html 
Web-based, mobile-device friendly, self-report survey system incorporating avatars and  








11.  Ben Schouten; Stephen Fedtke; Tilde Bekker; Marlies Schijven; Alex Gekker (2013). Games 
for Health, Proceedings of the 3rd European conference on gaming and playful interaction in 
health care 
12. Pinto, M. D., Hickman, R. L., Clochesy, John, Buchner, Marc. 2013. Avatar-Based 
Depression Self-Management Technology: Promising Approach to Improve Depressive 
Symptoms Among Young Adults. Appl Nurs Res. 26(1), 45-48. PubMed 
http://dx.doi.org/10.1016/j.apnr.2012.08.003 
13. Kato PM, Cole SW, Bradlyn AS, et al. 2008. A Video Game Improves Behavioral Outcomes 
in Adolescents and Young Adults with Cancer: A Randomized Trial. Pediatrics. 122(2), e305-
17. PubMed http://dx.doi.org/10.1542/peds.2007-3134 
14. Bilton N. (February 16, 2014). Disruptions: Using Addictive Games to Build Better Brains, 
New York Times 
15.  Hewett, Paul C.; Mensch, Barbara; Erulkar, Annabel S. (2004). Consistency in the report of 
sexual behavior among adolescent girls in Kenya: A comparison of interviewing methods, 
Sexually Transmitted Infections 80(suppl2) 
 
